The substance abuse, violence and HIV/AIDS (SAVA) syndemic represents a complex set of social determinants of health that impacts the lives of women. Specifically, there is growing evidence that intimate partner violence (IPV) places women at risk for both HIV acquisition and poorer HIV-related outcomes. This study assessed prevalence of IPV in an HIV clinic setting, as well as the associations between IPV, symptoms of depression and PTSD on three HIV-related outcomes -CD4 count, viral load, and missed clinic visits. In total, 239 adult women attending an HIVspecialty clinic were included. Fifty-one percent (95% CI: 45%-58%) reported past year psychological, physical, or sexual intimate partner abuse. In unadjusted models, IPV was associated with having a CD4 count <200 (OR: 3.284, 95% CI: 1.251-8.619, p = 0.016) and having a detectable viral load (OR: 1.842, 95% CI: 1.006-3.371, p = 0.048). IPV was not associated with missing >33% of past year all type clinic visits (OR: 1.535, 95% CI: 0.920-2.560, p = 0.101) or HIV specialty clinic visits (OR: 1.251, 95% CI: 0.732-2.140). In multivariable regression, controlling for substance use, mental health symptoms and demographic covariates, IPV remained associated with CD4 count <200 (OR: 3.536, 95% CI: 1.114-11.224, p = 0.032), but not viral suppression. The association between IPV and lower CD4 counts, but not adherence markers such as viral suppression and missed visits, indicates a need to examine potential physiologic impacts of trauma that may alter the immune functioning of women living with HIV. Incorporating traumainformed approaches into current HIV care settings is one opportunity that begins to address IPV in this patient population.
Background
Women continue to be disparately impacted by the cooccurring epidemics of HIV and intimate partner violence (IPV). Various factors have been identified as being linked to increased risk of HIV acquisition among women who have experienced IPV including, poorer mental health, substance abuse, ongoing sexual violence, increased frequency of sexually transmitted infections, and increased sexual risk behaviors (Campbell et al., 2008; Draughon, 2012; Jewkes, Dunkle, Nduna, & Shai, 2010) . Relatively less attention has been given in the literature regarding ways in which current or past IPV may impact long-term HIV treatment adherence or outcomes, although similar pathways have been proposed (Campbell, Lucea, Stockman, & Draughon, 2013; Schafer et al., 2012) .
In 2013, a White House issued report acknowledged the need to address the intersection of HIV and violence against women. This report highlighted the importance of gaining a more complete understanding of the impact of violence on the health of women and girls living with or at risk for HIV (Interagency Federal Working Group, 2013) . Subsequently, a 2015 meta-analysis found that women who reported experiencing IPV were less likely to report current anti-retroviral therapy (ART) use, had poorer self-reported ART adherence, and were less likely to achieve viral suppression (Hatcher, Smout, Turan, Christofides, & Stockl, 2015) .
Partner violence is not the only social determinant of health shown to impact HIV treatment adherence and outcomes among women. Syndemic theory, first introduced in 1994, has been used to frame studies examining a wide range of social and health-related factors that act together to impact HIV risk and treatment (Singer, 2009) . Specifically, the substance abuse, violence and HIV/AIDS (SAVA) syndemic highlights the interconnected risks of these distinct risk factors (Singer, 1994 (Singer, , 1996 (Singer, , 2009 . The purpose of this study was twofold: 1) to determine the prevalence of past year IPV among a sample of women attending an HIV specialty clinic, and 2) to examine the association between SAVA syndemic factors (past year IPV, substance use, mental health symptoms) and three HIV treatment and adherence related outcomes -CD4 count, viral load, and missed clinic visits.
Methods

Recruitment and data collection
A cross-sectional, tablet-administered survey with associated medical record review was completed with consenting adult women who were patients at an HIV specialty clinic. Participants were recruited between March 2014 and November 2015. Women were eligible to participate if they were at least 18 years of age, spoke English, were living with HIV, had been a patient at the study clinic for at least the past year, and reported being in an intimate relationship at any point during the past year. Interested women were screened for eligibility, and an oral consent script was reviewed with potential participants. A trained interviewer was available in the clinic to accommodate participants who reported vision or literacy concerns with completing the survey items. Study procedures were approved by the Johns Hopkins Medical Institution (JHMI) Institutional Review Board, and participants were compensated with a $10 gift card for their participation.
In total, 485 women approached the research team during the study's recruitment period (see Figure 1 ). Of those, 53% (n = 259) were eligible and consented to study participation; two participants declined to complete any study measures after consent. During review of medical records, 18 participants were excluded for reasons listed in Figure 1 ; this resulted in 239 women included in analysis.
Measures
Intimate partner violence Assessment of past year IPV included a four-question version of the Abuse Assessment Screen (AAS) which includes items for emotional, physical and sexual abuse as well as an item about feeling unsafe in a relationship, and the 46-item Severity of Violence Against Women Scales (SVAWS) which includes items specific to abusive behavior across nine domains of violence including: symbolic violence; threats of violence (mild, moderate, serious); physical violence (mild, minor, moderate, serious); and sexual violence (Marshall, 1992; McFarlane, Parker, Soeken, & Bullock, 1992) . Women who answered "yes" to any item on the AAS, or to having experienced any item in the moderate or severe physical or the sexual violence categories on the SVAWS were classified as having experienced past year IPV.
Mental health and substance use
The Center for Epidemiologic Studies Depression Scale (CES-D) and PTSD Checklist Civilian Version (PCL-C) were used to assess past two weeks symptoms of depression, and past month symptoms of PTSD (Blanchard, Jones-Alexander, Buckley, & Forneris, 1996; Radloff, 1977) . The Drug Abuse Screening Tool (DAST-10) and Alcohol Use Disorder Identification Test (AUDIT) were used to determine past year drug use, and past six month alcohol use (Babor, Higgins-Biddle, Saunders, & Monteiro, 2001; Bohn, Babor, & Kranzler, 1995; Skinner, 1982) . Standard cut-off scores were used for the CES-D (≥16), AUDIT (≥8) and PCL-C (≥45) (Babor et al., 2001; Radloff, 1977; Ruggiero, Del Ben, Scotti, & Rabalais, 2003) . One item from the DAST-10 ("In the past year, have you used drugs other than those required for medical reasons?") was used in combination with lab or provider documentation of drug use in the medical record to create a composite variable of illicit drug use in the past year.
CD4 count, viral load and missed clinic visits Data for the three outcomes were obtained by medical record review. Most recent CD4 count and viral load were obtained from recorded laboratory values taken on or before the day of survey completion. Values were dichotomized into clinically relevant groups (CD4 count ≥200 cells/mm 3 or <200 cells/mm 3 ; viral load detectable [ > 20 copies/ml] or not detectable [ ≤ 20 copies/ml]). The third outcome was the proportion of missed clinic visits in the past year calculated from the scheduled outpatient visits within the health system (both HIV specialty care and other system clinics) and the corresponding number of missed visits. The proportion of missed visits was dichotomized into two groups-missed ≤33% of scheduled visits compared to missed >33% of scheduled visits. Dichotomization of outcome variable was used to address concerns of nonnormality within the data for these outcomes.
Data analysis
Data were analyzed using SPSS Version 23 (IBM, 2014) . Descriptive and bivariate analysis was completed with all outcome variables and covariates. Multivariable logistic regression models that included demographic covariates significantly associated with any of the three outcomes during bivariate testing were then built. In all models, SAVA covariates (IPV, mental health, and substance use variables) were included. For the CD4 count and viral load outcomes, analysis was limited to participants who were prescribed ART within the year prior to survey completion.
Results
The sample was primarily African-American (86.6%) and non-Hispanic (94.5%) women with a median age of 50 (IQR: 44-55). Over half of the women (58%) had completed high school or obtained a GED. While we did not include direct income measures, the overwhelming majority of participants utilized public insurance including Medicare, Medicaid or Ryan White funding (96.7%) and only 12.6% were employed outside the home. Additional demographic data is presented in Table 1 .
Prevalence of intimate partner violence
Over half of the sample participants (n = 122, 51%, 95% CI: 45%-58%) reported past year physical, sexual or psychological IPV. Nearly all women reporting IPV (n = 119, 97.5%, 95% CI: 95%-100%) reported psychological abuse, with a similar proportion reporting physical violence (n = 110, 90.1%, 95% CI: 85%-96%). Fewer women (n = 51, 41.8%, 95% CI: 33%-51%) reported sexual violence (see Figure 2 ).
HIV treatment outcomes
From medical record reviews, the majority of women had well-controlled HIV disease with only 10% (n = 25) having a most recent CD4 count <200 (95% CI: 4%-14%). Almost one-third of women (n = 71) had detectable viral loads (30%, 95% CI: 24%-36%). Only fifteen women (6%) had both a detectable viral load and CD4 count <200. The number of scheduled clinic visits in the year prior to the survey had a wide range, (1-358 scheduled visits) primarily related to programs within the health system such as daily methadone maintenance treatment, which substantially increased the number of scheduled visits for some participants. The median number of annual scheduled visits was 26 (IQR: 16-41), and the median number of missed visits in the past year was seven (IQR: 3-13). Proportion of missed visits for participants ranged from zero to 84% with a median of 29.6% missed scheduled visits (IQR: 16.7%-43.3%). The number of scheduled HIV specialty clinic visits ranged from 1 to 45 with a median of 8 visits (IQR: 5-10). Proportion of missed HIV specialty care visits ranged from zero to 100% with a median of 25% (IQR: 10.0%-41.1%).
Associations with HIV treatment outcomes
In bivariate analysis, past year IPV was associated with having a CD4 count <200 (OR: 3.284, 95% CI: 1.251-8.619, p = 0.016) ( Table 2) . This relationship maintained its significance in a multiple variable model controlling for demographic, mental health and substance use variables (OR: 3.536, 95% CI: 1.114-11.224, p = 0.032), indicating that the odds of having a CD4 count <200 for women who reported past year IPV were three and a half times higher than their non-abused counterparts. IPV was also associated with having a detectable viral load but in bivariate analysis only (OR: 1.842, 95% CI: 1.006-3.371, p = 0.048) (Table 3) . Conversely, having graduated from high school decreased the odds of having a detectable viral load by 63% (OR: 0.367, 95% CI: 0.185-0.728, p = 0.004), and women in the 45-55 and 56 and older age groups with progressively lower odds of having a detectable viral load. Neither the all type or HIV specialty missed clinic visit outcome was associated with past year IPV (Tables 4 and 5) . Past year substance use was associated with both all type and HIV specialty missed clinic visits in bivariate and adjusted models. Alcohol abuse was associated with an increased odds of missing > 33% of HIV specialty clinic visits in bivariate models only (OR: 2.737, 95% CI: 1.408-5.322, p = 0.003). Current employment was protective against missing >33% of all type clinic visits (OR: 0.374, 95% CI: 0.159-0.879, p = 0.024) in bivariate analysis only.
Discussion
Intimate partner violence is associated with a myriad of health issues among women living with HIV. The finding that past year IPV was an independent predictor of CD4 count when adjusting for mental health and substance abuse covariates without any attenuation of the odds ratios adds to the current body of knowledge regarding the impact of IPV on HIV disease progression and immunologic recovery after ART initiation. While much of the published literature focuses on the behavioral impact of IPV on adherence to care-through mental health symptoms, perpetrator interference, and increased risk-taking behaviors (Campbell et al., 2008; Draughon, 2012; Jewkes et al., 2010) , our results suggest that additional physiologic mechanisms, such as immune and inflammatory processes related to stress, should be considered (Campbell et al., 2013; Siyahhan Julnes et al., 2016) . Prior researchers examining biologic stress in women who have experienced IPV have shown alterations in the inflammatory and immune system markers (Garcia-Linares, Sanchez-Lorente, Coe, & Martinez, 2004; Out, Hall, Granger, Page, & Woods, 2012; Sanchez-Lorente, Blasco-Ros, Coe, & Martinez, 2010; Shafran et al., 1996) .
Missed clinic visits have also been posited to impact adherence to HIV care among women who are experiencing IPV, and IPV has been linked to delated entry to care and avoidance of care seeking in multiple care settings (Duterte et al., 2008; Fugate, Landis, Riordan, Naureckas, & Engel, 2005; Hatcher et al., 2015; Illangasekare et al., 2012; Schafer et al., 2012) . While we did not find a relationship between IPV and missed clinic visits in this sample, it is likely that the high overall no show rate among study participants and the strong relationship between substance use and missed visits contributed to this finding. This finding suggests that while interventions to encourage clinic attendance and retention in care are necessary, IPV may not be the direct driver of missed visits. Instead, comprehensively understanding and addressing the complex interactions between violence, substance use, and mental health is needed in such interventions.
Our results also highlighted the impact of IPV on both physical and mental health outcomes on women living with HIV. Higher rates of reported depressive and PTSD symptoms were reported by women who reported recent IPV. Yet contrary to previous work in which depression and PTSD have been associated with altered immune function and increased morbidity and mortality among patients living with HIV, in our sample these mental health symptoms were not associated with measured laboratory outcomes (Chander, Himelhoch, & Moore, 2006; Cruess et al., 2003; Leserman, 2003; Machtinger, Haberer, Wilson, & Weiss, 2012; Siyahhan Julnes et al., 2016) . Multiple factors may have contributed to the lack of significance of this relationship in our results, primarily sample size and the use of CD4 count as the only measure of immune status. Assessment of additional biomarkers and a larger sample which allows for statistical assessment of the interactions between IPV, depression, PTSD and substance abuse may provide more insight into these relationships (Tsai & Venkataramani, 2016) . Notes: Zero participants reported only sexual violence. Categories are mutually exclusive. Diagram created using eulerAPE (Micallef & Rodgers, 2014) . Diagram proportions are approximate.
This study also found that past year IPV rates were higher in this sample than previously reported in the same HIV clinic setting-51% versus 26.5% (Illangasekare et al., 2012) . This is likely related to differences in the chosen definition and measurement of IPV used in this study compared to the prior estimate. Specifically, women were allowed to self-identify their partner status and were not required to report being married or cohabitating in this study, but rather in a relationship (i.e., married, dating, living together, hooking up, etc.). This definition likely increased the number of women who reported being partnered in the past year. Similarly, we included multiple items and measures to capture psychological abuse and physical and sexual violence in order to holistically capture the spectrum of women's experiences. This is in contrast to a previously reported study conducted in the clinic that included only one tool consisting of three items, the Partner Violence Screen (Feldhaus et al., 1997; Illangasekare et al., 2012) . Women were also informed of this study's focus on relationships and violence during the consent process, possibly raising their sensitivity to the issue.
Limitations
Cross-sectional data limits any inferences regarding causation. Particularly with regards to measuring both CD4 count and viral load at only one time point, it is not possible to determine whether the overall trajectory of a participants' HIV disease was improving or deteriorating, and whether the rate of improvement or deterioration was consistent with what would be expected based on time since diagnosis, time on ART and time since achieving viral suppression. Further confounding of these outcomes is possible related to limitations in survey measures to capture trajectories of IPV, mental health symptoms and treatment, and substance use over time. Reliance on survey measures for these SAVA syndemic variables also introduces opportunities for recall and social desirability bias. Participant-entered electronic data collection and discussion of the separation of the research and clinical data during the consent process were utilized to minimize this bias and data entry error. Multiple other life stressors and traumas were outside the scope of this study, but have similar theoretical links to negative outcomes related to chronic stress response. Given the demographics of sample and study location, there is likely a great deal of unmeasured trauma history among this study's participants, including childhood trauma, community violence and incarceration that could have confounded our results related to the relationship between SAVA variables and HIV treatment outcomes. The complex multidirectional relationships between trauma, mental health, substance use, and immune function need much additional examination. Future work needs to include opportunities in data collection and analysis to account for the cumulative impacts of lifetime trauma.
Clinical implications
This study's results add to the growing literature regarding HIV care outcomes for women experiencing violence. Previous work has shown IPV to be associated with a lower likelihood of being prescribed and adhering to ART (Hatcher et al., 2015) , while our findings suggest that additional physiologic mechanisms may also be contributing to poorer HIV outcomes. Further, as the study clinic functions as a patient centered medical home with co-located mental health and substance abuse treatment services, it may be that our finding of higher viral suppression than other published studies is impacted by the clinical setting. Despite widespread support and recommendations from professional and regulatory organizations, universal assessment for IPV is not consistently implemented in HIV care settings. Too often, IPV assessment consists of only a single question and may be asked without eye contact or without privacy. Our findings suggest that a longer screening tool, even slightly longer such as the AAS, delivered via computer may increase disclosure substantially. Trauma-informed programs, which include raising awareness of the relationship between IPV and health, confidential and non-judgmental assessment of psychological abuse, physical and sexual violence, harm reduction, safety planning and referrals to community partners and advocates integrated in all levels of clinical services, are also essential in HIV clinic environments in which multiple medical and social factors are impacting patients' health and well-being (Machtinger, Cuca, Khanna, Rose, & Kimberg, 2015; Machtinger, Lavin, et al., 2015) . This becomes particularly important given our results and those of similar work examining the impact of broader trauma experiences and PTSD on immune and inflammatory markers on patients living with HIV, as patients may be virally suppressed and still experiencing immune dysfunction as a result of trauma-related factors (Siyahhan Julnes et al., 2016) .
Syndemic models demand that in order to intervene or promote change in one area of the syndemic, full attention must be paid to the other aspects. In particular, the viral load and missed visit outcomes can be viewed through a syndemic lens and in conjunction with previous work conducted regarding IPV, entry to care, and medication adherence. The missed visit outcome showed significant relationships with past year drug use, and recent work examining PTSD found links to immune and inflammatory biomarkers in a sample of virally suppressed patients living with HIV (Siyahhan Julnes et al., 2016) . Each of these factors can have negative downstream impact on women's health. In addition to implementing universal patient and provider education with a focus on the impact of violence and trauma on health in HIV care settings, addressing IPV and trauma history through community referrals is an avenue for intervention. The finding that women experiencing IPV in our sample were not more likely to have high clinic no show rates highlights the important role that clinical settings have in addressing the impact of violence on their patients' health. While the high overall rate of missed visits leave opportunities for additional intervention to improve adherence to care broadly. Developing or strengthening partnerships with community resources and incorporating trauma-informed mental health, substance abuse and violence services into standard HIV care presents an opportunity to address these issues of utmost importance to patients' health and well-being.
Conclusions
This study's findings support both biologic and behavioral pathways through which IPV can impact women's HIV care and outcomes. While the cumulative impact of IPV and other lifetime experiences of trauma on the immune system are not yet fully known, additional research is needed to further examine the multiple physiologic pathways that may contribute to increased risk of low CD4 count in these women. With a better understanding of the specific biologic changes and timelines in which their impacts are realized, we may begin to examine methods and opportunities for interrupting these changes and developing biobehavioral interventions to address IPV in the context of HIV and other SAVA syndemic factors such as substance use and mental health symptoms. The high prevalence of IPV and its impact on CD4 counts also demands close attention to identifying and addressing ongoing sources of violence in patients' lives in order to comprehensively address the care of women living with HIV. 
